Background: Symptomatic thoracic disc herniation is a relatively rare yet challenging-to-treat condition. Minimally invasive approaches potentially offer less complications and quick recovery.
Introduction
Thoracic disc herniations are rare, constitute only 0.15% to 4% of all spinal discectomy surgeries [1] . Intolerable and persistent pain that failed conservative treatments or acute or progressive neurological deficit is relative indications for surgical treatments, which can be challenging. Individual planning is required and various surgical techniques and approaches have been used [2] [3] [4] . In decompression surgery, manipulation or retraction of the spinal cord must be avoided. Endoscopic uniportal technique through transforaminal/retropleural approach under continuous irrigation has been reported with good outcomes and advantages [5, 6] . In the transforaminal approach, the foramen has to be widened with bone resection of the superior facet and part of the rib head. This case series describes a step-by-step technique for fully-endoscopic foraminoplasty with high-speed drill under direct visualization, followed by discectomy to treat thoracic disc herniations, and its unique advantages to achieve adequate decompression with uniportal transforaminal/retropleural approach under local anesthesia.
Materials and Methods

Operative procedure
Under local anesthesia with IV sedation, the surgery was performed with patient in prone position on radiolucent table, under biplanar fluoroscopic guidance. The level of anesthetic was titrated so the patient was comfortable and able to communicate with the surgeon throughout the surgery ( Figures 1A and 1B) . Preoperatively, the approach angle was measured medial to the ribs and pleura and the incision was planned. Percutaneous entry was established entering through the skin 7-9 cm lateral to the midline. Using intermittent fluoroscopic guidance, alternating between lateral and anterior-posterior (AP) views, a 25-cm 18-gauge needle was advanced and placed at the superior facet of the surgical level (Figures 2A and 2B ). Subsequently, the dilator and the working sheath was placed bluntly through the soft tissue and docked on the ipsilateral superior facet ( Figures 2C and 2D ). The Joimax ® (Irvine, USA) TESSYS ® endoscopic system with a 25-degree viewing angle was used. All surgical instruments were introduced under continuous irrigation and direct visualization through the intraendoscopic working channel. Thoracic foramen is enclosed by facet, pedicle and rib head. Foraminoplasty was done with high-speed drill (Joimax ® Shrill, 3.5 mm diamond abrasor) to enlarge the neural foramen
by drilling the ventral aspect of the superior facet ( Figures 3A and 3B ) as well as partially the rib head and the pedicle if needed. The precise extent of the foraminoplasty depending on the location and size of the disc herniation. The facet, pedicle, disc and ligamentum flavum were identified and visualized, and the herniated disc material was carefully removed without any manipulation or retraction on the spinal cord ( Figures 3C and 3D) . If the disc herniation is calcified or there is ventral endplate osteophyte, they are drilled under direct visualization with the high-speed drill. Free floating thecal sac with good pulsation is a sign of adequate decompression. Hemostasis was achieved with a radiofrequency probe. The instruments are withdrawn and the incision (8 mm) is closed without a drain.
Results
16 consecutive patients (10 females, 6 males, average age 55, range 28 to 78) were included in this case series. The patients were decompressed in the fully endoscopic transforaminal retropleural technique as described above. The locations of the disc herniations were T5/T6 (1 case), T6/T7 (1 case), T7/T8 (4 cases), T8/T9 (2 cases), T9/T10 (2 cases), T10/T11 (1 case), T11/T12 (5 cases). There were 7 soft and 9 calcified disc herniations, including a calcified T8/9 giant central disc herniation. The leading symptoms were radiculopathy in 13 cases and myelopathy in 3 cases. All but one patient had significant thoracic axial pain.
The average operation time was approximately 90 minutes (55-180 minutes), average hospital stay was 0.3 days. There was no intraoperative complication.
That one patient with a chronic calcified T8/9 giant central disc herniation and significant myelopathy had complaints of worsening symptoms post-operatively; she subsequently underwent open multilevel laminectomy decompression and instrumented spinal fusion surgery in a different institution. Among the 15 remaining patients in this case series, the average preoperative visual analog scale score was 7.9, the average postoperative visual analog scale score was 2.1 at final follow-up (average 21 months, range 7-60 months). No surgery or approach related increase in thoracic back pain was reported. There was no recurrent disc herniation in this series.
Discussion
The blood supply to the spine is based on a predictable segmental vascular structure at each spinal level, but true radiculomedullary arteries, which feed the dominant cord supply vessel, the anterior spinal artery, are relatively few and their locations variable [7] . The thoracic spinal cord is especially vulnerable during spinal deformity surgery or other open surgeries, sacrifice of a dominant radiculomedullary vessel may lead to spinal cord ischemia. In addition, manipulation or retraction of spinal cord must be avoided during surgery. The fully endoscopic transforaminal/retropleural technique described here, combined with angled field of view, and freedom of movement of the endoscope using a joystick technique offers adequate decompression. In addition, clear visualization and significantly reduced bleeding due to continuous irrigation, low complication rates, as well as being done under local anesthesia are unique advantages of this fully endoscopic transforaminal/retropleural approach for thoracic disc herniations. During the endoscopic approach, bone resection of the facet joint/ foaminoplasty is necessary for access to the spinal canal. The endoscopic foraminoplasty with high-speed drill under direct visualization offers additional safety.
One specific intraoperative complication can be dura tear, which cannot be sutured in this fully endoscopic approach, but can be covered with a synthetic dura substitute [5] .
Conclusion
Fully endoscopic transforaminal/retropleaural foraminoplasty and discectomy is a safe and effective treatment option for symptomatic soft or calcified thoracic disc herniations.
